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Abstract 
 
Copper nanoparticles were prepared by Polyol Method and the prepared metal nanoparticles 
were characterized by various techniques like AFM, SEM, FTIR Spectrum and XRD. The prepared metal 
nanoparticles are used to improve the electrical conductivity of dielectric polymers like PMMA. Polymer 
Metal Nanocomposite was prepared by in-situ oxidative polymerization of Methylmethacrylate monomer 
in the presence of different concentration of prepared metal nanoparticles. The formation of the polymer 
metal nanocomposites was characterized by UV-Vis Spectroscopy, SEM and AFM. The electrical 
conductivity was investigated using Four-Point Probe Techniques and the conductivity value of the 
PMMA/Cu nanocomposite was in the range of mS/cm. The conductivity of the dielectric polymer was 
found to be increased with the increasing metal concentration. The prepared nanocomposite can be used 
to convert the insulating foam into conductive one which can be used to fabricate wearable sensors for 
physiological (Breath Rate, Limb Movement, etc.,) monitoring. 
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1. Introduction 
One of the emerging new tendencies for healthcare monitoring systems is rising from areas 
relatively far away from the traditionally involved technologies. Nowadays, a new generation of 
monitoring devices based on the growth of the knowledge derived from the past research experience and 
on the use of textile multi sensing interfaces is rising. The systems have to combine the advances of 
telecommunication, microelectronics and material science to guarantee a continuously remote monitoring 
of multiple physiological functions, as well as comfort and wearability. The spotlight is shifting from 
external environment control to human oriented systems, where the subject-actor is constantly virtually 
linked and interactive. This tendency is changing dramatically the common life style, as well as the needs 
of people.  
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The interaction between physician and patient is growing in quality and the contribution is 
coming from both sides. New systems designed to be minimally invasive, based on flexible and smart 
technologies conformable to the human body are conceived to improve the autonomy and the quality of 
life of patients. They are also cost-effective in providing around-the-clock assistance, in helping 
physicians to monitor cardiac patients during rehabilitation phase, in decreasing hospitalization time [1]. 
The system can also assist professional workers subject to considerable physical and psychological stress 
and/or environmental and professional health risks. Wearable sensing devices should be a conducting 
material or else they may lead to the  accumulation of  electrostatic charge, which causes problems such 
as severe shock, fire, dust accumulation, etc. during processing. Therefore the electrical conductivity is 
required to dissipate the charges. But the monomer of the conducting material has to be chemically 
modified with a substituent or usually a large organic dopant to improve the process ability of these 
materials. So the conducting material shows a drift in conductivity of the conducting foam over time [2] 
[3]. This problem can be overcome by coating non conducting polymer with different metal nanoparticles 
and thereby enhancing the conducting properties which in turn increasing the sensitivity of the wearable 
sensor.[4]. 
The need for cheaper, faster, and more accurate measurements has been a driving force for the 
development of new wearable sensing devices [5-7]. This paper aims at developing pressure-sensitive 
foam and its application in wearable sensing. The pressure sensitive foam was prepared by coating non-
conducting polymer with metal nanoparticles and thereby enhancing the sensing properties. The use of 
th
mechanical properties similar to those exhibited by textile structures [8-9]. 
 
2. Experimental Methods 
2.1 Synthesis of Metal Nanoparticles: 
2.1.1 Polyol Method 
Copper nano particles have been prepared by Polyol method [10] using the metal precursor i.e. 
copper acetate and ethylene glycol. 4 gram of copper acetate was ground to a fine powder & mixed with 
150ml of ethylene glycol and subsequently bringing the resultant mixture to refluxing temperature 
generally between 120ºC to 200ºC for 1 to 3 hours. During this reaction time metallic powder is 
precipitated out of the mixture. The metal  glycol mixture was cooled to room temperature, filtered and 
the collected precipitate was dried in air.  
                                                                                                  Reflux 
Copper acetate tetra hydrate + Ethylene glycol                        Copper nano powder 
                                                                                              120  2000C 
                                                                                              (1-3 Hours) 
2.1.2 Biological Method 
 Step 1:  Dissolve 7g of Copper Sulphate in 100ml of distilled water. 
 Step 2:  24g of Potassium Hydroxide and 34.6g of Sodium Potassium Tartarate  in 100ml of  
                            distilled water. Just prior to use mix both solutions. 
To 2ml of the solution, add a few drops of the test solution and boil. Reducing Sugars will give a rusty 
brown or red colour precipitate. 
 
2.2 Converting Non Conducting Polymer into Conducting Polymer 
Dissolve 0.5g of PMMA in 20ml of chloroform. The solution was heated at 800C for 30min in 
water bath. Various compositions like 0.1g, 0.2g, 0.5g of Copper Nanoparticles were mixed into the 
solution by Sonication method for 60min. Then the resulting viscous syrup was then transferred into a 
glass plate and kept it 30min for solvent evaporation using solvent casting method. The PMMA/Cu 
nanocomposites are obtained. These nanocomposites films were tested for Electrical conductivity 
property by using Four Point Probe Method. By using Sonochemical Method there was no conductivity in 
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those films because there was no uniform dispersion of metal nanoparticles. So the alternative method 
was found to be improving the conductivity of those films for conducting foam synthesis.   
 
2.2.1 Synthesis of PMMA/Cu Nanocomposites: 
The PMMA/Cu nanocomposite was prepared by in-situ chemical oxidation polymerization of 
methylmethaacrylate monomer in the presence of copper nanoparticles. In a typical synthesis process, 
5ml of methylmethaacrylate mixed with 10ml of chloroform was added to the previously prepared copper 
nanoparticles with various compositions like 0.2g, 0.25g and 0.3g followed by addition of the Benzoyl 
peroxide. The mixture was allowed to react for 12h under constant stirring at 1 2 C. Then the resulting 
viscous syrup was then transferred into a glass plate and kept it 30min for solvent evaporation using 
solvent casting method. The PMMA/Cu nanocomposite films were obtained. Conductivity of the 
PMMA/Cu Nanocomposites was measured using Four Point Probe Method. 
 
2.3 Conductive Foam Synthesis: 
 Based on the Four Point Probe results the Polymer Metal Nanocomposites was used for Foam 
synthesis. Smart Foam was synthesized by using Ex-situ Polymerization method. 0.1g of PMMA was 
dissolved in 10ml of chloroform and then 0.3g of Metal Nanoparticles were added into that solution. The 
solution was kept in water bath at 60-700C then a piece of PVC Foam was soaked into that solution for 
2hrs and then foam was allowed to stand overnight. The foam was then removed from the container and 
overnight. This coating procedure was repeated to produce the final smart foam. 
 
3. Results and Discussion 
3.1 Characterization of Cu Nanoparticles 
3.1.1 XRD Results: 
Fig 1.shows the XRD pattern of copper nanoparticles. The peak positions are consistent with 
metallic copper. Sharp peaks of the copper are observed which indicates the crystalline nature of the 
product. XRD data of copper nanoparticles are shown in the Table 1. The diffraction peaks at 43.5º, 50.7º 
and 74.5º correspond to the formation of metallic copper. The relative peak intensities and the position of 
diffraction peaks in the XRD pattern were very similar to those reported in the JCPDS card No. 04-0836. 
The diffraction features were consistent with the face-centered cubic (fcc) crystalline structures of bulk 
metallic copper, with the two brightest rings corresponding to the diffraction planes of (111) and (220). 
 
 
Table 1 XRD data for Copper nanoparticles 
 
Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing[Å] Rel.Int. [%] Particle Size (nm) 
43.5141 10928.83 0.1259 2.07984 100.00 67.9 
50.7836 1749.66 0.0816 1.80085 16.01 107.8 
74.4844 1172.94 0.1020 1.27579 7.77 97.8 
                                                                     
                                                          Average Particle Size(nm) 91 
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Fig 1. XRD pattern of Copper nanoparticles 
 
3.1.2 FTIR Results: 
 
 
Fig. 2 FTIR Spectrum of Copper Nanoparticles 
 
The Infrared Spectra of the copper nanoparticles are shown in the Fig.2. The FTIR spectrum 
indicates that the functional group present in the metal nanoparticles. The metal nanoparticle has no 
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functional group which was confirmed by the FTIR Spectrum and the result of the copper nanoparticles 
was shown in the Fig 2.  
 
3.1.3 SEM Results: 
Size and shape of the copper nanoparticles prepared by Polyol method and biological method 
was studied by SEM Image as shown in the Fig 3a and 3b. The shape of the copper nanoparticles is 
clearly shown in Biological method. The copper nanoparticles prepared by polyol method shows 
agglomerated nanoparticles. These agglomerated nanoparticles are not well suited for composite 
preparation. The time taken for the preparation of copper nanoparticles by polyol method is minimum 1 
hour to change color to reddish brown color. Hence, preparation of copper nanoparticles by biological 
method is well suited for composites preparation. 
                                
 
 
Fig. 3 SEM Image of Cu Nanoparticles (a) Polyol Method; (b) Biological method. 
 
3.1.4 AFM Results: 
 
The surface morphology of the Copper nanoparticles prepared by Polyol Method and Biological 
method was studied by AFM as shown in the Fig 4a and 4b. Fig shows the 3D image of the copper 
nanoparticles. Line profile analysis of Copper nanoparticles is shown in the Fig.4c.Uniform size 
distribution of the copper nanoparticles is clearly shown in Biological method compared to Polyol 
method. It is also clearly shown in the line profile analysis diagram. When the particles are exposed to air 
the oxidation of the copper nanoparticles are high in polyol method because of the usage of ethylene 
glycol. Compared to Biological method particle size of the AFM Image was very high in polyol method. 
Size of the particle is 10nm in Biological method.  
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Fig 4. (a) AFM image of Cu NP by Polyol method (b) AFM image of Cu by Biological method 
(c)  Line Profile analysis of Copper nanoparticles 
 
3.2 Characterization of PMMA/Cu Nanocomposites 
3.2.1 SEM Results 
 
SEM Image of the PMMA/Cu Nanocomposites was shown in the Fig. 5. SEM Image of the 
PMMA film indicates that the high voltage source is not accepted by the film because of the thickness. So 
bubbles are shown in the SEM Image. This SEM Image was clearly shows that the metal nanoparticles 
are incorporated into polymer film. To improve the conductivity of the polymer uniform distribution of 
the metal nanoparticles are very important. 
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Fig. 5 SEM Image of PMMA/Cu Composites. 
 
3.2.2 FTIR Results 
 
 
 
Fig. 6a FTIR Spectrum of PMMA Film 
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Fig. 6b FTIR Spectrum of PMMA/Metal nanocomposites 
 
Fourier transform infrared spectroscopy (FTIR, Bruker IFS 66V/S) was used to study the 
chemical affinity of PMMA segments towards the surface of these nanoparticles. Fig.6a shows the FTIR 
spectrum of PMMA film. The FTIR spectrum of PMMA indicates the details of functional groups present 
in the synthesized PMMA. A sharp intense peak at 1731cm-1 appeared due to the presence of ester 
carbonyl group stretching vibration. The broad peak ranging from 1260-1000cm-1 can be explained 
owing to the C-O (ester bond) stretching vibration. The broad band from 950-650cm-1 is due to the 
bending of C-H. The broad peak ranging from 3100-2900 cm-1 is due to the presence of stretching 
vibration. Fig 6b shows that the FTIR spectra of PMMA metal composites are almost identical with no 
noticeable shifts in the positions of the lines, indicating a non-wetting polymer  particle interfacial 
Surface. 
 
3.2.3 Four Point Probe Results 
 
 The conductivity of the nonconducting polymer was increased by impregnating with synthesized 
metal nanoparticles. Conductivity of the polymer was increased by increasing the metal nanoparticles 
concentrations. The results of the PMMA with Metal Nanocomposites were shown in the Table 2.  
The conductivity of the nanocomposites film was measured by using Four Point Probe Method. The 
conductivity was in the range of mS/cm.  
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                                    Table 2 PMMA/Cu Nanocomposites 
 
Cu 
nanoparticles 
Conductivity 
(mS/cm) 
0.20 g 0.398 
0.25 g 1.880 
0.30 g 7.900 
 
 
3.3 Characterization of FOAM 
3.3.1 SEM Results 
 
 
Fig. 7 Surface morphology of PVC (a) Uncoated (b) coated with nanoparticles 
 
SEM Image of PVC foam was shown in the Fig.7a. The every mesh filament and foam has been 
coated with metal polymer nanocomposites. The PVC foam maintained its morphology upon coating with 
metal nanoparticles like copper nanoparticles was shown in the Fig. 7b. It appears that the nanoparticles 
binding are on the surface. We could not observe copper nanoparticles on the surface, probably due to 
specific surface characteristics of the foam. The surface of the foam is known to be highly porous which 
results in a large surface area. It is likely that the surface roughness of the foam is comparable to the 
dimensions of the nanoparticles and topography of the surface may not reflect the presence of 
nanoparticles [11]. 
 
 
3.3.2 FTIR Results: 
 Fourier transform infrared spectroscopy (FTIR, Bruker IFS 66V/S) was used to study the 
chemical affinity of PVC Foam segments towards the surface of these nanoparticles. Fig. 8 shows the 
FTIR spectrum of coated and uncoated PVC foam. Fig 8 shows that the FTIR spectra of uncoated PVC 
Foam and polymer metal nanocomposites coated PVC foam are almost identical with no noticeable shifts 
in the positions of the lines, indicating there is no modifications in that foam structure. After coated with 
Polymer Metal Nanocomposites the foam retain their nature which is shown in the Fig. 8 
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Fig. 8 FTIR results for coated and uncoated PVC foam 
  
  
3.3.3 Four Probe Results:  
 
        Effect of pressure on the foam was measured using digital multimeter. Resistivity was reduced when 
foam was compressed by applying pressure on that foam. Based on that the results was in the range of 
resistivity and conductivity which is shown in the Table 3. Conductivity was increased by reducing the 
thickness of the foam. 
 
Table 3 Change in Resistance/Conductivity vs Thickness  
 
Thickness 
(mm) 
Resistance 
(k ) 
Conductivity 
(mS/cm) 
10 1830 0.00054 
6 800 0.00125 
3 460 0.0021 
1 120 0.0083 
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3.4 Conductance Measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 Schematic of experimental setup 
 
The following methods for determining the effect of pressure on the synthesized foam were 
used. The schematics of the setups used are given in Fig. 9. Effect of pressure on the synthesized foam 
was monitored using Digital Multimeter.  
Step 1: Cut the PCB into two plates by using knife then cut the foam into the same size as the  
             plate, and solder one wire to each plate. 
Step 2: Glue the three pieces together in the following sequence: plate  foam - plate.  
Step 3: Test it out with a digital multimeter, and measure the resistance across that Smart Foam 
 
4. CONCLUSION  
 
In this work the electrical conductivity of the insulting polymer is improved by impregnating 
metal nanoparticles. Copper nanoparticles were prepared by various methods and characterized by 
various techniques. Based on results the best method for copper nanoparticles was found to be biological 
method respectively. By using these metal nanoparticles the Polymer Metal Nanocomposites were 
prepared. Electrical conductivity of the insulating polymer is depending on the distribution of the metal 
nanoparticles. Impregnating metal nanoparticles are important for electrical conductivity property.  
By using in-situ polymerization method the metal nanoparticles are impregnated into insulating polymer 
and which improve the conductivity of the polymer. Conductivity of the nanocomposites was measured 
by using four point probe method. By using these nanocomposites smart foam was synthesized by ex-situ 
polymerization techniques. Effect of pressure on that conducting foam was measured using digital 
multimeter and result was in the range of mS/cm.  This conducting foam is used to sense the 
physiological signal. The polymer foam prepared by using this method is used to increase the sensitivity 
of the pressure sensor. The conducting foam shows that the linear relationship between the conductance 
and stress applied. This conducting polymer foam is used for fabricating the wearable sensor.  
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